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Final  Technical  Report 

AF0SR-84-0297 


REQUEST  FUR  INSTRUMENTATION 


To:  Lt.  Col.  Lorris  Cockerham 

Proyram  Manayer,  Life  Sciences  Directorate 
Air  Force  Uffice  of  Scientific  Research/NL 
Department  of  the  Air  Force 
Bldy.  41U,  Bolliny  Air  Force  Base 
Washington,  D.C.  2U332 

F^om:  Dr.  Dr.  James  Morre,  Ph.U. 

Dow  Di sti nyui shed  Professor  of  Medicinal  Chemistry 
Department  of  Medicinal  Chemistry 
School  of  Pharmacy 
Purdue  University 
West  Lafayette,  IN  479U7 


Purpose:  The  purpose  of  the  requested  instrumentation  was  to  support  and 
facilitate  new  and  expanded  research  efforts  in  basic  membrane  studies,  pre¬ 
dictive  toxicology  and  tropical  medicine.  The  specific  facility  requested 
included  a  preparative  free-flow  el ectrophoresis  unit  with  a  u.v.  scanner  and 
a  medium  resolution  electron  microscrope  to  monitor  and  evaluate  the 
separations  achieved.  A  major  anticipated  use  was  in  support  of  a  project 
"Early  Phase  Interactions  of  Toluene  with  Membranes:  Structural  and 
Functional  Evaluation"  funded  by  the  Air  Force  Office  of  Scientific  Research. 


Equipment  Purchased: 

VAP-22  Preparative  Free-Flow  Electrophoresis  (Bender  and  Hobein,  Munich,  FRO). 


Zeiss  EM/109  Transmission  Electron  Microscope  (Carl  Zeiss,  Inc.,  Oakbrook, 
IL). 


Progress:  The  equipment  was  used  to  establish  a  cell/organelle 

subfractionation  facility  consisting  of  preparative  free-flow  electrophoresis 
interfaced  with  transmission  electron  microscopy  to  monitor  and  evaluate  the 
separations  achieved.  The  facility  and  equipment  presently  is  located  in  the 
Life  Sciences  Research  Building  of  the  Main  Campus  of  Purdue  University. 

The  major  use  thus  far  has  been  in  support  of  a  project  "Early  Phase 
Interactions  of  Toluene  with  Membranes"  funded  throuyh  the  United  States  Air 
Force  Office  of  Scientific  Research.  Under  this  project,  ul  trastructural  , 
biochemical  and  molecular  approaches  have  been  applied  to  problems  of  how 
toluene  influences  membrane  structure  and  function.  The  basic  hypothesis 
undei  test  is  that  toluene  may  intercalate  into  membranes  and  disrupt  membrane 
organization  through  a  disturbance  particularly  of  boundary  lipids  known  to  be 
critical  to  membrane  function  and  stability.  In  this  connection,  free-flow 
el ectropho-esis  provides  a  rapid  and  convenient  means  to  isolate  membranes 
especially  from  cultured  cells.  All  phases  of  the  study  have  relied  heavily 
on  electron  microscopy.  Major  advances  have  come  as  well  in  the  purification 
and  concentration  of  membrane  located  receptors  potentially  important  to  rapid 
developments  in  the  area  of  molecular  electronics  and  sensor  development  for 
envi ronmental  toxicants  including  antipersonnel  agents  important  to  military 
defense . 


With  the  technique  of  free  flow  el ectrophoresi  s,  mixtures  of  membranous 
cell  components  to  be  separated  a^e  introduced  as  a  fine  jet  into  a  separation 
buffer  moviny  across  the  field  lines  of  an  electric  field.  It  is  a  powerful 
separation  tool  developed  over  the  past  decade  largely  in  West  Germany  and 
currently  of  very  limited  availability  to  investigators  in  the  United  States. 
The  separation  technique  is  one  of  the  few  procedures  capable  of  separating 
parasites  from  host  cell  components,  of  separating  infected  or  diseased  from 
normal  cells  of  the  same  cell  type,  of  separating  cell  types  based  on  patho¬ 
logical  differences  not  related  to  infectious  agents,  and  of  complete  sub¬ 
fractionation  of  cell  surface  and  internal  membrane  compartments  in  a  sinyle 
preparative  step.  The  procedure  is  amenable  to  continuous  batch  operation 
with  preparation  of  gram  quantities  of  materials  but  highly  dependent  upon 
morphological  criteria  for  routine  monitoring  of  separation  efficacy.  Hence, 
the  requirement  that  the  preparative  free-flow  electrophoresi  s  instrument  be 
combined  with  a  transmission  electron  microscope. 


Election  microscopy  is  the  method  of  choice  for  routine  monito^iny  of 
membrane  preparations  since  only  small  amounts  of  material  are  required,  one 
obtains  simultaneous  estimates  of  fracticn  composition,  purity  and  inteyrity, 
and  a  sinyle  analytical  method  can  be  applied  simol taneously  to  a  wide  '•an  ye 
of  separation  problems.  Continuous  operations  of  the  facilty  duriny  the  past 
yea''  has  yenerated  approximately  2UU  electron  microscope  samples  per  week. 
This  number  of  samples  has  required  between  2U  and  30  or  more  hours  of  micro¬ 
scope  time  per  week  for  evaluation  plus  the  services  of  a  full-time  technician 
for  processiny  and  thin  sectioniny  of  specimens. 

Oirect  cost  shariny  was  provided  throuyh  the  provision  of  ancillary 
equipment  for  specimen  preparation  for  electron  microscopy,  a  second  free-flow 
electrophoresis  unit  and  needed  centrifuges  and  installation  costs  witn  an 
estimated  total  of  about  $6b,UU0. 

Indirect  cost  shariny  was  provided  throuyh  approximately  3u%  of  effort  by 
the  principal  investiyator  (includiny  time  from  existiny  research  projects 
requiriny  use  of  the  facility)  to  its  operation  and  development  plus  technical 
support.  A  full-time  electrophoresis  technician  operates  and  maintains  the 
preparative  free-flow  electrophoresis  system  and  an  electron  microscope  tech¬ 
nician  is  responsible  for  specimen  preparation  and  photoyraphic  processiny. 
Those  who  have  utilized  the  facility  include  8  yraduate  students,  b  post¬ 
doctoral  associates  and  ID  visitiny  scientists  from  other  universities.  Each 
of  the  yraduate  students  and  postdoctoral  s  as  well  as  many  of  the  visitiny 
scientists  have  received  advanced  traininy  in  cell  and  membrane  fractionation 
as  a  result  of  the  facility. 

Purdue  University  staff  who  have  used  the  facility  extensively  or  have 
benefited  from  its  operation  throuyh  students  and  associates  other  than  the 
principal  investiyator  include: 

Ur.  Frederick  L.  Crane,  Department  of  Bioloyical  Sciences 

Ur.  Linda  B.  Jacobsen,  Director,  Mammalian  Cell  Culture  Laboratory 

Dr.  Charles  Bracker,  Department  of  Botany  and  Plant  Patholoyy 

Ur.  Robert  Geahlen,  Department  of  Medicinal  Chemistry  and 
additional ly 

Dr.  Hilton  H.  Mollenhauer,  Veterinary  Toxicoloyy  Labor'ator'y ,  Colleye 
Station,  TX,  a  co-investiyator  on  two  of  the  projects  supported  by  the  faci¬ 
lity,  also  has  been  a  major  user  duriny  the  past  six  months  as  a  Visiting 
Scientist  on  the  Purdue  University  campus. 

A  major  accomplishment  derived  f^om  the  availability  of  the  facility  has 
been  the  demonstration  of  the  yeneral  applicability  of  free-flow  electro¬ 
phoresis  as  a  new  technoloyy  based  on  surface  charye  for  separation  of 
bioloyical  membranes. 

The  apparatus  provided  were  amony  the  first  to  be  yenerally  available  in 
the  United  States  and  many  scientists  already  have  visited  our  facility  and 
nave  left  with  plans  to  develop  similar  facilities  of  their  own.  The  findinys 
were  summarized  as  part  of  a  very  successful  conference  on  new  separation 
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methods  held  in  HeidelDe^,  FRG,  October  1-4,  1985  and  sponsored  by  the  United 
States  Air  Force  Office  of  Scientific  Research  duriny  which  demon st rat i ons , 
discussion  and  applications  of  the  new  methodo! oyy  formed  the  primary  basis 
for  the  meetiny. 


Publ ications:  (partial  listiny  of  wo^ks  published  since  the  facility  has  been 

operational ) : 

1.  Sandelius,  A.,  C.  Penel,  G.  Auderset,  A.  Briyhtman,  K.  Saf^anski,  H. 
G'-eppin  ana  0.  J.  Morre.  1985.  Isolation  of  plasma  membrane  and  tono- 
plast  from  the  same  homoyenates  of  plant  cells  by  free-flow  electro¬ 
phoresis.  I n :  A.  J.  T^ewavas,  ed.  Molecular  and  Cellular  Aspects  of 
Calcium  in  Plant  Development.  Plenum  Press,  New  York.  pp.  353-354. 

2.  Navas,  P.,  N.  Minnifield,  I.  Sun  and  U.  J.  Morre.  1985.  NAUP  phospha¬ 
tase:  A  marker  in  free-flow  el ectrophoretic  separations  for  cisternae  of 
the  Golyi  apparatus  midreyion.  Bi ochi m.  Biophys.  Acta  881:  1-9. 

3.  Sandelius,  A.  S.,  C.  Penel,  G.  Auderset,  A.  Briyhtman,  M.  Millard  and  L). 
J.  Morre.  1985.  Isolation  of  hiyhly  purified  fractions  of  plasma 
membrane  and  tonoplast  from  the  same  homoyenate  of  soybean  hypocotyls  by 
free-flow  electrophoresis.  Plant  Physiol.  81:  177-185. 

4.  Kappler,  K. ,  u.  Kristen  and  D.  J.  Morre.  198b.  Membrane  flow  in 
plants:  Fractionation  of  yerminatiny  pollen  tubes  of  tobacco  by  prepara¬ 
tive  free-flow  electrophoresis  and  kinetics  of  labeliny  of  endoplasmic 
reticulum  and  Golyi  apparatus  with  L^Hjleucine.  Protoplasma  132:  38-50. 

5.  Morre,  u.  J.,  M.  Paulik  and  U.  Nowack.  Iy86.  Transition  vesicle  forma¬ 
tion  j_n  vi trp.  Protoplasma  132:  11U-113. 

5.  Lu5w,  H.,  I.  L.  Sun,  P.  Navas,  C.  Grebiny,  F.  L.  Crane  and  D.  J.  Morre, 
198b.  Transpl  asmal emma  electron  transport  from  cells  is  part  of  a 
diferric  transferrin  r6ductase  system.  Biocnem.  Biophys.  Res.  Commun. 
139:  1117-1123. 

7.  Morre,  u.  J.,  P.  Navas,  C.  Penel  and  F.  J.  Castillo.  198b.  Auxin- 
stimulated  NAl)H  oxidase  (  sem i dehyd roa  sco rba te  reductase)  of  soybean 
plasma  membrane:  Role  in  acidification  of  cytoplasm?  Protoplasma  133: 
195-197. 

8.  Auderset,  G.,  A.  S.  Sandelius,  C.  Penel,  A.  Briyhtman,  H.  Greppin  and  0. 
J.  Morre.  1986.  Isolation  of  hiyhly  purified  fractions  of  plasma  mem¬ 
brane  and  tonoplast  from  spinacn  leaves  by  preparative  free-flow  elec¬ 
trophoresis  and  effect  of  photoinduction.  Physiol.  Plantarum  58:  1-12. 

9.  Morre,  U.  J.,  A.  S.  Sandelius  and  A.  Briyhtman.  In  press.  New 
approaches  to  isolation  of  membranes  from  plant  cells.  _I_n:  J.  Findlay 
and  H.  tvans,  eus.  Bloloyical  Membranes--A  Practical  Approach.  IRL 
Press.  London. 


Mcr^e,  L>.  J.,  P.  Navas  and  F.  L.  Crane.  In  press.  Isolation,  puri¬ 
fication,  evaluation  and  quantitation  of  plasma  membranes  f^om  tissues 
and  cultured  cells:  Methods  and  applications  to  cell-free  systems  for 
analyses  of  yrowth  processes.  _I_n_:  J.  Ramirez,  ed.  Proc.  U.S. -Spain 
Joint  Sy mpos i urn  on  Electron  T ransfer  Constl tuents  of  the  Eukaryoti c 
PI asma  Membrane,  Madrid,  198b. 

Crane,  F.  L.,  H.  Low,  I.  L.  Sun,  P.  Navas  and  D.  J.  Morre.  In  press. 
Redox  control  of  cell  yrowth.  jjn:  J.  Ramirez,  ed.  Proc.  U.S. -Spain 
Joint  Sy mposl urn  on  E 1 ect ron  T ransfer  Consti tuents  of  the  Eukaryoti c 
Plasma  Membrane,  Madrid,  1986. 

Navas,  P.,  1.  L.  Sun,  F.  L.  Crane  and  D.  J.  Morre.  In  press.  Chanyes 
in  the  pyridine  nucleotide  pools  of  HeLa  cells  in  response  to  yrowth 
promotiny  ayents.  In:  J.  Ramirez,  ed.  Proc.  U.S. -Spain  Joint  Sympo¬ 
sium  on  E 1 ect  ron  Transfer  Constituents  of  the  Eukaryot i c  P 1 asma 
Membrane,  Madri d ,  1986. 

Minnifield,  N.,  K.  E.  Creek,  P.  Navas  and  D.  J.  Mor:~e.  In  press. 
Distribution  of  g-hexosaminidase  and  ol i yosaccharide  processiny  enzymes 
across  the  polarity  axis  of  rat  liver  Golyi  apparatus  based  on  f^ee-flow 
electrophoresis.  Eur.  J_^_  Cell  Biol. 

Morre,  D.  J.,  A.  Briyhtman,  G.  Scherer,  B.  void  Dorp,  C.  Penel  ,  G. 
Auderset,  A.  S.  Sandelius  and  FI.  Greppin.  In  press.  Hiyhly  purified 
tonoplast  fractions  by  preparative  free-flow  el ectrophoresi s.  In: 
P^oc.  1st  International  Workshop  on  P 1  ant  Vacuoles,  Sophi a-Anti pol i s, 
France,  July  6-11,  1986. 

Morre,  D.  J.,  D.  M.  Morre,  FI.  FI.  Mollenhauer  and  W.  W.  Reutter.  In 
Press.  Isolation  of  a  fraction  enriched  in  inonensi n-bl ocked  trans  Golyi 
apparatus  cisternae  from  slices  of  rat  liver.  Eur.  J.  Cell  Biol. 

Penel,  C.,  G.  Auderset,  S.  Kiefer,  A.  Sandelius,  A.  Briyhtman,  FI. 
Greppin  and  D.  J.  Morre.  In  Press.  Plasma  membrane  and  tonoplast 
fractions  isolated  from  spinach  leaves  by  preparative  free-flow  electro¬ 
phoresis.  _I_n:  P.  K.  Stumpf.  Metabolism  Function  and  Structure  of 
P 1  ant  Lipids  (Proc.  7th  Intern.  Sy mp.  Met.,  Funct.  and  Struct.  Plant 
Lipids,  Davi s ,  CA,  July  27-Auyust  1 ,  198b)  Plenum,  New  Yo’-k. 

Morre,  U.  J.,  F.  L.  Crane,  I.  L.  Sun  and  P.  Navas.  In  Press.  The  role 
of  ascorbate  in  biomembrane  eneryetics.  Ann.  N.Y.  Acad.  Sci. 


Matyas,  G.  R.  and  l).  J.  Morre.  Submitted.  Subcellular  distribution  and 
biosynthesis  of  rat  liver  yany 1 iosides.  J.  Biol.  Chem. 

Navas,  P.,  I.  Sun,  F.  L.  C^ane  and  D.  J.  Morre.  In  pneparati  on. 
Evidence  for  NAD  reduction  by  the  Golyi  apparatus  of  '■at  live'"  usiny 
monodehydroascorbate  as  electron  donor.  J .  Biol.  Chem . 


Briyhtman,  A.,  P.  Navas,  N.  Minnifield  and  D.  J.  Mo^re.  In  preparati on. 
A  function  for  thiamine  pyrophospha ta se  of  Golyi  apparatus.  B i ochi m. 


21.  Sandelius,  A.  S.  and  U.  J.  Morre.  In  preparation.  Character! sti cs  of 
phosphatidyl inosi tol  turnover  of  soybean  mi c~o somes  involving  a  rever¬ 
sible  inositol  exchanye.  Plant  Physiol. 

22.  Sun,  I.  L.,  P.  Navas,  F.  L.  Crane,  L).  J.  Mor^e  and  H.  Low.  In  prepara¬ 
tion.  NADH  diferric  reductase  activity  in  liver  plasma  membranes.  FEBS  Lttrs . 

23.  Buron,  I.,  P.  Navas,  G.  bare  fa-Herduyo  and  D.  J.  Morre.  In  preparation. 
Isolation  of  plasma  membrane  from  amphibian  epidermis.  Evidence  for  a 
basal  to  apical  activity  gradient.  J .  Cell  Biol. 

24.  Barr,  K.,  A.  S.  Sandelius,  F.  L.  Crane  and  D.  J.  Morre.  In  preparation. 

Redox  reactions  of  tonoplast  and  plasma  membranes  isolated  from  soybean 
hypocoty 1 s  by  free-flow  electrophoresis.  PI  ant  Physiol . 

2b.  Sun,  I.  L.,  P.  Navas,  0.  J.  Morre  and  F.  L.  Crane.  In  preparation. 
Relationship  between  growth  and  pyridine  nucleotide  pools  in  HeLa  cells. 
Cancer  Res . 

2b.  Mollenhauer,  H.  H.,  D.  J.  Morre  and  D.  Pikaard.  In  preparation.  An 

ultrastructure  evaluation  of  toluene  toxicity  using  cultured  mammalian 
cel  Is.  Cel  1  Tissue  Res. 


Publ i shed  Abstracts  : 

1.  Navas,  P.,  N.  Minnifield,  I.  Sun  and  l).  J.  Morre.  1985.  NAOP  phospha¬ 
tase  marks  intercalary  Golgi  apparatus  cisternae.  J.  Cell  Biol. 
101 : b«a . 

2.  Morre,  D.  M.,  0.  J.  Morre,  W.  Reutter  and  H.  H.  Mollenhauer.  198b. 
Comparison  of  monensin  and  vitamin  A  excess  on  Golgi  apparatus  morpho- 
loyy  and  short-time  labeling  and  turnover  of  Golyi  apparatus  proteins 
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